Four isolates of the spinach downy mildew pathogen, Peronospora effuse were used. Two isolates, K1 and K2, belonged to the mating type P1, and two isolates, M1 and A1, to the mating type P2. Seedlings of spinach at the cotyledon stage were inoculated with conidia of each isolate or a mixture of conidia in paired combinations of two mating types (isolates K1 and M1, or isolates K2 and A1) in which each conidial suspension was mixed in equal volume before inoculation. The leaves infected with conidia of either one of the mating types, P1 or P2, produced only conidia from the 3rd day after inoculation. The leaves infected with a mixture of conidia of the two mating types, P1 and P2, produced oogonia and oospores from the 4th and 5th day after inoculation, respectively, and in those leaves conidium production was delayed and suppressed. Cotyledons were inoculated with a mixture of conidia in paired combinations (isolates K1 and M1, or isolates K2 and A1) in the mixing ratios of 100:1, 1:1, 1:100 (v/v), and the incidence of oospore production as well as intensity of conidium production in the infected leaves was observed. In the infected leaves which produced oospores at a high level, conidium production was reduced; whereas in the infected leaves which produced oospores at a low level, abundant conidia were formed. Moreover, the site of conidium production was completely different from that of oospore production. From these results, it was demonstrated that the leaves infected with a mixture of conidia of two mating types formed oospores in the early days after infection without producing conidia, and in those leaves conidium production was suppressed because the site where oospores were produced was different from that where conidia were formed.
Introduction
Downy mildew of Spinacia oleracea L. caused by Peronospora effuse (Grey. ex Desm.) Ces. (syn. P. spinaciae Laub. and P. farisosa Fr.) is one of the most devastating diseases of the plant in many countries3).
The spinach downy mildew fungus produces asexual conidia and sexual oospores in the infected plants. In the case of oospore production, the existence of heterothallism has been demonstrated, and two mating types, P1 and P2, were identified2).
In taking into account the epidemiology of downy mildew, the number and type of spores formed in the infected plants are known to determine the potential of inoculum and the distribution of the pathogen in the field. follows: grade 0=absence of conidia, grade 1=area bearing conidia accounted for less than 50% of the cotyledon, grade 2=area bearing conidia accounted for more than 50%.
All the experiments were repeated twice.
Results
Oogonium and oospore production
The cotyledons were inoculated with a mixture of conidial suspension in paired combinations, i.e. isolates K1 and M1, or isolates K2 and A1. Two hundred cotyledons were collected from the 2nd to 8th day after inoculation for the observation of oogonium and oospore production.
In both combinations, the percentage of cotyledons containing oogonia and oospores increased from the 4th day after inoculation, and reached a maximum 5 days after inoculation (Fig. 1 ). To quantify oogonium and oospore production, 20 cotyledons were collected from the 2nd to 8th day after inoculation. Oogonia were formed from the 4th day after inoculation (Fig. 2 ). Oospores were formed from the 5th day and their number rapidly increased until the 8th day after inoculation.
Conidium production
The isolates K1, K2, M1 and A1 were used, and the cotyledons were inoculated with a conidial suspension either alone or in paired combinations, i.e. isolates K1 and M1, or isolates K2 and A1. The potted seedlings were placed in a moist chamber for 20hr
at 20C to induce sporulation on the 3rd, 4th, 5th, 6th day after inoculation. One hundred cotyledons were collected each day, and the intensity of conidium production was evaluated.
When the cotyledons were inoculated with one isolate alone, conidia were produced from the 3rd day after inoculation and on the 5th day after inoculation 94-99% of the infected leaves showed a high level of conidium production corresponding to grade 2 of the rating (Fig. 3) . In contrast, when the cotlyledons were inoculated in paired combinations, conidia were not preduced on the 3rd day after inoculation. From the 4th to the 6th day after inoculation, 54-90% of the infected leaves did not bear conidia, 10-29% of the infected leaves showed a low level of conidium production (grade 1), while 0-20% of the infected leaves showed a high level of conidium production (grade 2). From these results it was concluded that conidium production was suppressed and delayed in the paired combinations.
Incidence of oospore production and intensity of conidium production
The cotyledons were inoculated with a mixture of conidia in paired combinations, i.e.
isolates K1 and M1, or isolater K2 and A1, in the mixing ratios of 100:1, 1:1, 1:100 (v/v). Six days after inoculation, the percentages of cotyledons containing oospores were determined.
On the other hand, the potted seedlings were placed in a moist chamber for 20hr at 20C to induce sporulation 6 days after inoculation, and the intensity of conidium production was observed. One hundred cotyledons for each mixing ratio were collected in both experiments.
In the mixing ratio of 1:1, oospores were produced in 100% of the infected leaves and conidium production was extremely inhibited (Fig. 4) . However, in the mixing ratios of 100:1, and 1:100, oospores were produced in 13-38% of the infected leaves and 83-93% of the infected leaves showed a high level of conidium production corresponding to grade 2 of the rating. These results indicate that oospore production was inversely proportional to conidium production. The sites of conidium and oospore production in the infected leaves were observed microscopically in detail. Sixty cotyledons were collected from the sporulated seedlings described above which had been inoculated in paired combination of isolates K1
and M1 in the mixing ratios of 100:1, 1:1, 1:100. The number of conidiophores and oospores formed in the conidium-producing or oospore-producing area was counted under a microscope. The number of conidiophores was very small in the oospore-producing a) The conidial suspension of isolates K1 and M1 was mixed in the ratios of 100:1, 1:1, 1:100 (v/v) before inoculation, respectively. The potted seedlings were placed in a moist chamber for 20hr at 20C to induce sporulation 6 days after inoculation. Sixty cotyledons were collected, and the number of conidiophores and oospores was counted under a microscope.
area, and the number of oospores was very small in the conidium-producing area (Table   1 ).
Discussion
Inaba and Morinaka1) who carried out experiments under controlled conditions, observed continuously the relationship between conidium and oospore production of Peronospora manshurica in soybean leaves which became infected after inoculation. In P. manshurica, conidia were produced in the early days after infection and oospores were produced later.
Also conidium production was suppressed at the sites where oospore production had been initiated.
On the other hand, Michelmore and Ingram4) observed that in Bremia lactucae the lettuce leaves infected with a mixture of conidia of the two mating types, B1 and B2, produced oospores, whereas the leaves infected with conidia of either B1 or B2 produced conidia. However, in the case of B. lactucae, they did not observe continuously the relationship between conidium and oospore production after inoculation. According to our data on Peronospora effusa, the spinach leaves infected with conidia of one mating type, either P1 or P2, produced only conidia from the 3rd day after inoculation. However, the leaves infected with a mixture of conidia of the two mating types, P1 and P2, produced oogonia and oospores from the 4th and 5th day after inoculation, respectively, and conidium production was delayed and suppressed in those leaves. On the other hand, the observations on the leaves which were infected with a mixture of conidia of two mating types in different mixing ratios revealed that in the infected leaves which produced oospores at a high level, conidium production was reduced, whereas in the infected leaves which produced oospores at a low level, abundant conidia were formed. Moreover, the site of conidium production was completely different from that of oospore production.
From these results, it was demonstrated that in the case of P. effusa the leaves infected with a mixture of conidia of two mating types produced oospores in the early days after infection without producing conidia, and Ann. Phytopath.
Soc. Japan 51 (4) . October, 1985 449 in those leaves conidium production was suppressed, because the site where oospores were produced was different from that where conidia were formed. The phenomenon observed in P. effusa appears to be different from that in P. manshurica, in which conidia were produced in lesions in the early days after infection, while oospores later1), although in the case of both P. effusa and P. manshurica, conidium production was suppressed at the sites where oospore production had been initiated.
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